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Description 

The invention is in the field of digital radiography. 
The invention more specifically relates to a method of 
controlling the amount of radiation to which an object 
was exposed at the time of recording a radiation image 
of said object. 

Background of the invention 

It is well-known that in case a patient is irradiated 
by means of penetrating radiation such as x-rays it is 
most important that the radiation dose to which the pa- 
tient is exposed is accurately controlled so as to avoid 
excess exposure which is harmful for the patient. 

It is thus extremely important that fluctuations of the 
emission of a radiation source or deviations of the effec- 
tively emitted amount of irradiation from the set amount 
of irradiation are accurately monitored and adjusted 
when necessary. 

In classical radiography wherein a radiation image 
is recorded onto a radiographic film, a relation has been 
established which defines for each specific radiographic 
film the optimal radiation dose to be applied in order to 
achieve that the diagnostically relevant part of an image 
is reproduced on the radiographic film at an optimal im- 
age density. 

Different types of radiographic films have been de- 
veloped that each provide this optimal reproduction at 
different irradiation doses. Each of these different types 
of films is particularly suitable for a specific examination 
or group of examinations. 

The radiation dose suitable for application with a 
specific radiographic film is defined by a value S which 
is a characteristic of a given radiographic film called the 
"speed class" of the film. For each radiographic film the 
optimal irradiation dose can be deduced from the speed 
class value by applying the formula given hereinbelow. 

When setting the radiation dose at the deduced val- 
ue, the diagnostically relevant part of an image will be 
recorded on a selected film at an optical density which 
is approximately 1 .0 above fog and base density. 

This speed class value S is defined as follows: 

wherein K s represents the exposure dose required to 
produce on said film an optical density of 1 .00 above fog 
and base density , said value K s being expressed in Gy. 

For example, when using a class 1 00 film for record- 
ing a radiation image, the x-ray dose must be adjusted 
so that the average dose at the detector (so at the radi- 
ographic film) is about 1 0 -5 Gy in the regions of diagnos- 
tical interest which corresponds to an exposure dose of 
1.14 mR; when using a film of speed class 200 the dose 
can be halved etc. 



Thus, when in classical radiography the radiation 
dose is set to the value deduced from the definition of 
the speed class of a selected film, the image on the film 
will always have an identical and predictable density 
5 pattern. 

Hence an experienced radiologist is able to predict 
how the density pattern of an exposed part on a radio- 
graphic film of a given speed class will look like when 
the radiation dose is set correctly and hence he will also 
10 be able to remark anomalies in the outlook of a diagnos- 
tically relevant part that are due to incorrect setting of 
the radiation source judging from the density of the hard 
copy. In this way he is immediately and almost automat- 
ically warned when the effectively applied radiation dose 
15 differs from the required dose because of the direct re- 
lation that exists between the amount of radiation trans- 
mitted by an object, in casu a patient, and the density 
appearing on the radiographic film. 

In digital radiography no such direct relation exists 
20 as will be explained furtheron. 

In digital radiography a technique has been devel- 
oped wherein a radiation image of an object is obtained 
by using a screen comprising a photostimulable phos- 
phor such as described in European patent application 
25 EP-A-0 503 702 published on 16.09.92 and in US ser. 
07/842,603. 

Upon exposure to penetrating radiation such as x- 
rays emitted by a radiation source, a photostimulable 
phosphor screen of the kind described in the above pat- 
30 ent applications stores energy. The stored energy can 
be released by scanning the screen with stimulating ra- 
diation, e.g. laser light of the appropriate wavelength. 
The light emitted upon stimulation which is proportional 
to the original incident radiation absorption in the screen 
35 can then be detected and converted into an electric rep- 
resentation by a read-out system such as a photomulti- 
plier. The gain of the read-out system is commonly ad- 
justed to the expected amount of emitted light by chang- 
ing the photomultiplier cathode voltage. 
40 The read out signal is then digitized. 

Preferably the analog image signal is compressed 
by means of a square root amplifier before being fed to 
an analog to digital convertor. Compression according 
to a square root characteristic is advantageous in that it 
45 provides optimal use of the dynamic range of the A/D 
convertor. The result of a compression according to 
square root characteristic has a constant noise level 
throughout the compressed signal range. Since the 
quantisation error is also constant, the ratio of quantisa- 
50 tion noise to signal noise is also constant resulting in an 
optimal distribution of the bits throughout the dynamic 
range of the A/D convertor. 

After A/D conversion one disposes of an N-bit 'raw' 
image signal, that can be subjected to image processing 
55 before hard copy recording or display so that for each 
type of examination the diagnostically relevant informa- 
tion can be reproduced in optimal conditions. 

Among the image processing algorithms a so- 
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called autowindowing algorithm can be applied to deter- 
mine the diagnostically relevant signal range out of the 
entire read out signal range. 

The latitude and position of this relevant range can 
be determined automatically using significant points 
(minima, maxima...) of the image histogram. A method 
of determining such significant points has been de- 
scribed in our European application EP-A-0 546 600 and 
in US 07/978,786. 

The data within the selected window are then 
mapped onto the density range available on a recording 
material or on a display. One embodiment of such a sig- 
nal-to-density mapping method is described in our Eu- 
ropean application EP-A-0 549 009 and in US 
07/978,091. 

The conversion of signal values into corresponding 
density values is no longer limited by the properties of 
the recording material, a virtually unlimited number of 
signal-to-density transformations (or "sensitometries") 
adapted to each specific application can be selected. 

With optimal window-level settings and selection of 
optimal reproduction sensitometry, it is in most circum- 
stances possible to obtain high quality reproductions. 
The density pattern obtained on the hard copy is no 
longer directly related to the given radiation dose and 
hence the correspondence of the effectively applied ra- 
diation dose with the set irrdaition dose can no longer 
be deduced by the radiologist from the density appear- 
ing on the hard copy. 

A specific embodiment of a procedure followed by 
an operator when exposing a photostimulable phosphor 
screen and the implications of this procedure on the de- 
tected signal range will be described hereinbelow. 

The procedure is based on the operator's knowl- 
edge of a classical radiographic system in which a radi- 
ation image is recorded on a radiographic film of a speed 
class suitable for a specific type of examination and 
wherein the applied radiation dose is deduced from the 
value of the speed class by application of the above for- 
mula. 

Exposure of a photostimulable phosphor screen in- 
stead of a film of a specific speed class is performed by 
applying the same radiation dose as would be appropri- 
ate for a film of said specific speed class. 

Following exposure the image stored in the ex- 
posed photostimulable phosphor screen is read by 
scanning said screen with stimulating radiation (such as 
laser light of the appropriate wavelength) and by detect- 
ing the light emitted upon stimulation by means of a de- 
tector such as a photomultiplier. The sensitivity of the 
detector is adjusted so that the expected read out signal 
range is centred relative to the detectable signal range 
(dynamic range of the read out system). 

For example in a practical embodiment the detector 
is a photomultiplier with an adjustable photomultiplier 
voltage. The sensitivity of the photomultiplier can be 
changed stepwise, each of the steps for example differ- 
ing by a factor two. 



Each setting of the photomultiplier is called 'a sensitivity 
class 1 in analogy with the notion of 'speed classes' used 
in connection with conventional radiographic film. 

The photomultiplier voltage is set to such a value 
s that the expected signal range has approximately equal 
margins with respect to the minimum and maximum val- 
ue of the signal range of the read out system. 

The data acquisition is commonly done on 12 bit 
over a range of 2.7 decades on the log E (E being ex- 
10 posure) scale. Depending upon the application the ac- 
tual object latitude is limited to 1 .5 decades on the log 
E scale or even less. Consequentially a safe margin is 
available for under- or overexposure. 

The image processing algorithms provide that even 
15 in case of mal exposure to a limited extent still an ac- 
ceptable reproduction is obtained, as will be explained 
hereinbelow. 

So, thanks to the image processing even in case of 
under or overexposure within a limited range still an ac- 

20 ceptable reproduction is obtained, but consequentially 
the result in the reproduction is not directly related to the 
applied exposure dose and the radiologist or operator 
can no longer judge from the outlook of the reproduction 
whether the dose to which the patient was exposed was 

25 appropriate for the given application. Since the operator 
is not warned he may even be stimulated to continue 
applying said dose. 

Indeed, suppose a class 200 exposure was intend- 
ed and actually 4times an overexposure (corresponding 

30 with a class 50 setting) or 4 times an under exposure 
(corresponding with a class 800 setting) is performed, 
this would in either of the cases result in a 0.6 shift on 
the log E scale. 

Thus, in either of the cases, the data would still fall within 
55 the 2.7 on the log E scale. The autowindowing algorithm, 
being designed to operate on said 2.7 decades on the 
log E scale, would still select the relevant data range. 
Then, this range would be converted into density values 
so as to obtain a good reproduction or display. 
40 US-A-4899049 describes a digital radiography sys- 
tem that measures the amount of emitted radiation 
which is scattered by the object being monitored and 
which becomes stored in the stimulable phosphor 
screen, the system compensating for the scattered ra- 
45 diation. 

US-A-4761 739 describes a digital radiography sys- 
tem which is concerned with deriving a constant image 
density level for background portions of the object. It 
does this by recording an image at a high radiation den- 
se* sity and one at a low radiation density and subtracting 
the two images. 

EP-A-01 56393 is similar in that it describes a digital 
radiography system which cancels out the background 
image density level to zero so as to enable individual 
55 portions of the image to be picked out. 
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Objects of the invention 

It is an object of the invention to provide a method 
of controlling the radiation dose applied to an object in 
a digital radiographic system wherein a radiation image 
is stored in a photostimulable phosphor screen and 
wherein the image is read out by scanning said screen 
with stimulating rays. 

It is a further object of this invention to provide an 
apparatus for carrying out the above method. 

Still further objects will become apparent from the 
description hereinbelow. 

Statement of the invention 

The above objectives are met by a method accord- 
ing to the present invention as defined in claim 1 . 

In a modified embodiment of the present invention 
at least one thresholding operation is performed on said 
difference value y a -y e and warning signs are generated 
when said difference value is larger than some threshold 
value T Q indicating overexposure, and when said differ- 
ence is smaller than some threshold value T u , indicating 
underexposure. 

The difference y a -y e gives an indication on the de- 
viation of the actual amount of irradiation from the ex- 
pected amount of irradiation and provides the operator 
with feedback so that he can initiate any measures nec- 
essary. 

The position of the value y e is preferably such that 
by setting the detector to the value read out from said 
table at a given exposure value, the diagnostically rele- 
vant signal range is optimally positioned within the dy- 
namic range of the read out system, i.e. that safe mar- 
gins exist in either side of the diagnostically relevant part 
of the image histogram on the signal axis. 

Such a position of the value y e is for example ob- 
tained when the difference y max -v i is equal to the differ- 
ence y 0 -y m in- ln this formula y mjn and y max are minimum 
and maximum signal values that can be read out and y 0 
and y 1 are the extreme signal values of the diagnosti- 
cally relevant region (log exposure values). 

The diagnostically relevant region is defined as a 
range of signal values between two extreme values that 
can be calculated by applying the method disclosed in 
our European patent application EP-A-0 546 600 and in 
the corresponding US ser. 07/978,786. 

That method comprises the following steps: 

calculating a histogram of said image, 
determining the maximum value of histogram fre- 
quencies of the image histogram, 
selecting a value t smaller than the maximum his- 
togram frequency, 

determining (a) histogram peak(s) as a range of 
successive signal values having a corresponding 
histogram frequency that is larger than t, 
determining the most relevant histogram peak as 



the histogram peak for which the summation of all 
histogram frequencies corresponding with signal 
values within said peak is maximum, 
determining minimum and maximum signal values 
5 within said most relevant histogram peak, 

determining extreme values of the signal range to 
be extracted as said minimum value decreased with 
a small offset d 0 and said maximum value increased 
by a small offset value d-,. 

10 

Whether the effectively emitted amount of irradia- 
tion does not completely match the expected amount of 
irradiation is determined on the basis of a value y a which 
is representative of signal values within a diagnostically 
15 relevant region of the image. 

This value y a is preferably determined as the mean 
value of all signal values within the diagnostically rele- 
vant signal range (within the range determined by the 
values y 0 and y-, calculated as described in the above 
20 mentioned EP-A-0 546 600 and in the corresponding US 
ser. 07/978,786). 

Alternatively the value y a is calculated as the medi- 
an value of said range. The median value is preferable 
because this value is less sensitive to signal anomalies 
25 that originate from some kind of noise that the mean sig- 
nal value. 

Still alternatively y a is the value with the highest fre- 
quency of the histogram frequencies situated between 
the extreme values of the diagnostically relevant signal 
so range determined for example as in the above men- 
tioned EP-A-0 546 600 and the corresponding US ser. 
07/978,786. 

In a specific embodiment the read out means is a 
photomultiplier, the sensitivity of the photomultiplier is 
55 then adjusted by adjusting the photomultiplier cathode 
voltage. 

A table is then created which relates a set of irradi- 
ation amounts with corresponding values for the photo- 
multiplier voltage. An irradiation amount which may be 
40 expressed by the speed class at which in classical radi- 
ography this irradiation amount would be applied (the 
term speed class as defined in the introductory part of 
this application). 

The irradiation values are such that if a photostimulable 
45 phosphor screen is irradiated with an amount of irradi- 
ation that corresponds with a given speed class and the 
photomultiplier voltage is adjusted to the corresponding 
voltage value read out from the table that then the mean 
read out signal value is equal to a predetermined ex- 
50 pected value y e irrespective of the set speed class. 

In accordance with the method of the present inven- 
tion an output is produced of at least one of said differ- 
ence, y a or y e . 

This output can be performed by displaying said val- 
55 ue(s) on a monitor such as a preview monitor or by print- 
ing the value(s) e.g. on film. 

Alternatively the image histogram can be displayed 
or printed and the position of the value y a and/or y e can 
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be indicated on the graphical representation of the his- 
togram. Also the difference y a -y e can be printed addi- 
tionally. 

Still alternatively at least one of the values y a -y e , y a 
or y e is written into an electronic file (referred to as a log 
file) and can be retrieved and read when required. 

Still alternatively the difference y a -y e can be thresh- 
olded and a warning can be generated in dependence 
on the result of said thresholding as has been described 
hereinbefore. 

As defined in claim 9, the present invention addi- 
tionally comprises an apparatus for carrying out the 
above-described method. 

In alternative embodiment the apparatus according 
to the present invention comprises means for threshold- 
ing said difference y a -y e and for generating a first warn- 
ing signal when said difference exceeds a first threshold 
value T Q and for generating a second warning signal 
when said difference is smaller than a second threshold 
value T u . 

In a specific embodiment the detector is a photom- 
ultiplier and means are provided for adjusting the sen- 
sitivity of the detector by adjusting the cathode voltage 
of said photomultiplier. 

The value y a is preferably determined by means for 
calculating the mean value or the median value of signal 
values within a signal range relevant for diagnosis. Al- 
ternatively said means for determining the value y a com- 
prise means for calculating the histogram of read out 
signal values and for determining the value with the 
maximum histogram frequency. 

A definition of the range relevant for diagnosis has 
been given hereinbefore. This range can be determined 
as described in EP-A-0 546 600. 

The apparatus is provided with means for outputting 
said difference y a -y e or the value y a or the value y e . 

Preferably this function is performed by means for 
displaying or by means for recording on a recording ma- 
terial a histogram of a read out image signal provided 
with an indication of the position of said values y e and 
y a or with an indication of said difference. 

Evidently the values mentioned above can be print- 
ed in absence of a print of the image histogram. 

In addition or alternatively means can be provided 
for writing at least one of said values into an electronic 
file so that the value(s) can be retrieved and read when- 
ever required. 

In a specific embodiment a photostimulable phos- 
phor screen is conveyed in a cassette provided with an 
identification means. One example of such an identifi- 
cation means is an electrically erasable programmable 
read only memory (EEPROM) into which patient infor- 
mation such as the patient's name etc., information re- 
lating to the examination type etc. can be written in an 
identification station. 

The EEPROM can also be used to store information 
that is intended to be used for adjusting parameters re- 
lating to the operation of the image read out device. 



The EEPROM can store an indication on the irradi- 
ation amount that was used when exposing a patient, 
for example the EEPROM can store the speed class. 
When a cassette conveying an exposed photostim- 
s ulable phosphor screen is then fed into a read out de- 
vice, the information is read out from the EEPROM, in- 
formation concerning adjustments of the image readout 
device can be translated into appropriate adjustment 
commands for the components of the read out device. 
In particular, the speed class indication can be read out 
from the EEPROM and can be linked with a correspond- 
ing adjustment value for the photomultiplier voltage via 
a preloaded look up table such as described hereinbe- 
fore. 

Further details concerning the method and appara- 
tus according to the present invention are described 
hereinbelow with reference to the drawings wherein 

Fig. 1 generally shows a system in which the meth- 
od of the invention can be applied, 
Fig. 2 is a specific embodiment of an apparatus for 
reading out an image stored in a photostimulable 
phosphor screen, 

Fig. 3 is a block scheme illustrating the data flow, 
Fig. 4 is a histogram that is typical for a radiographic 
image, 

Fig. 5 is a table relating a set of irradiation amounts 
emitted by a source of irradiation with correspond- 
ing voltage settings for a photomultiplier. 

Figure 1 generally shows an apparatus in which the 
method of the invention can be applied. 

A radiation image of an object was recorded on a 
photostimulable phosphor screen (3) by exposing (2) 
said screen to x-rays emitted by a source of irradiation 
and transmitted through the object (not shown). 

The adjustment of the source of irradiation was per- 
formed by calculating for a specific speed class the ap- 
propriate amount of irradiation and by adjusting the 
source so as to (at least theoretically) produce said 
amount. 

The stimulable phosphor screen was conveyed in 
a cassette (3) provided with an electrically erasable pro- 
grammable read only memory (EEPROM). In an identi- 
fication station 4 various kinds of data, for example pa- 
tient identification data (name, date of birth) and data 
relating to the exposure such as the sensitivity class set- 
ting and data relating to the examination type or to the 
expected diagnosis were written into the EEPROM. 

The operation of radiation image read-out appara- 
tus 1 is illustrated in figure 2. 

First the data stored in the EEPROM were read out 
(not shown). The value representing the selected speed 
class was used to preset the sensitivity of the photom- 
ultiplier by adjusting its voltage to a value retrieved from 
a table that comprises for a number of irradiation 
amounts of said source of irradiation (represented by 
'sensitivity class' values) corresponding adjustment val- 
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ues for the photomultiplier voltage. 

These adjustment values were determined in ad- 
vance following the procedure described furtheron and 
stored in the form of a look up table in a memory part of 
the read out apparatus (1 ). 5 
The cathode voltage values for the photomultiplier are 
such that the mean signal value read out of a screen 
that has been exposed to an amount of irradiation by 
means of said read out means being adjusted by the 
corresponding value is equal to an expected value y e . to 

The adjustment values stored in a look up table 
were determined by an iterative process wherein first an 
exposure is made according to a specific sensitivity 
class, then the signal is detected by means of a photo- 
multiplier the cathode voltage of which is set to an initial is 
value. Next, the photomultiplier cathode voltage is ad- 
justed if the detected signal is too low or too high and 
the procedure of exposing, detecting and adapting the 
photomultiplier voltage until y a equals y e . 

The above steps are repeated for every entry (ex- 20 
posure class) in the table. 

An example of such a look up table is illustrated in 
figure 5. 

The sensitivity class setting was further used together 
with the data regarding the particular application to con- 25 
trol the selection of the parameters for the image 
processing. 

Next, the radiation image stored in the photostimu- 
lable phosphor screen was read-out by scanning the 
phosphor screen with stimulating rays emitted by a laser 30 
8. The stimulating rays were deflected according to the 
main scanning direction by means of galvanometric de- 
flection device 9. The secondary scanning motion was 
performed by transporting the phosphor screen in a di- 
rection indicated by arrow 1 0 perpendicular to the main 35 
scanning direction. The stimulated emission was direct- 
ed by means of light collector 11 onto a photomultiplier 
12. A cylindrical mirror (not shown) was provided for di- 
recting the light emitted upon stimulation into the en- 
trance face of the light collector 11. 40 
The light directed onto photomultiplier 1 2 was converted 
into an electic signal representation. This signal was 
thereupon amplified in an amplifier 13 having a square 
root characteristic and sampled by a sample and hold 
circuit 1 4. Then it was converted into a 1 2 bit digital sig- 45 
nal by means of an analog to digital converter 15. 

After read-out the photostimulable phosphor screen 
was conveyed through an erasure section (part of read 
out apparatus (1)) for erasing any residual image re- 
maining on the photostimulable phosphor screen. The so 
erasing section comprises a number of aligned quartz 
tungsten halogen lamps with a continuous spectral irra- 
diance output distribution extending approximately from 
200 micrometer to 2.5 micrometer. 

The subsequent data flow is illustrated in figure 3. 55 

The digital image signal, called the 'raw' image or 
'original' image 20 was sent to the image processing 
module of the read-out apparatus (figure 1, numeral 7) 



where it was stored in an internal buffer. 

Without any modifications it was also sent from the 
image processor to the image workstation 5 where it 
was temporarily stored on a hard disc. This back up en- 
sured that the signal was never lost, even not when any 
of the components of the apparatus would fail and that 
the signal could be retrieved for any kind of later 
processing, for example processing with different pa- 
rameter setting. This feature could be used when the 
result of the on-line processing was unsatisfactory due 
to bad exposure conditions or inadequate selection of 
the processing parameters. 

Next the digital image signal was converted into an 
image representing logarithm values of exposure values 
using a logarithmic conversion look up table. 

The latitude of the raw image is normally too large 
to be printed on film or to be displayed on a monitor. 
Therefore the latitude was confined to the diagnostically 
relevant region. 

In order to determine the diagnostically relevant re- 
gion the image histogram was first calculated and then 
a relevant signal range was selected according to the 
method described in EP-A-0 546 600; which method is 
based on an evaluation of the image histogram. 

Figure 4 shows a typical histogram of a radiographic 
image. 

On this figure the diagnostically relevant range is indi- 
cated as the range in between two extreme values y 0 
and y.,. (In the above patent application these values 
were referred to as S 0 and S-,). 

The margins of the range that can be read out given the 
specifications of the read out system are indicated by 
the values y min and y max . 

In accordance with the present invention the effec- 
tively applied radiation dose is controlled by calculating 
a specific value y a which is equal to the mean value of 
signal values within the diagnostically relevant range 
delimited by the values y 0 and y-,. 

Next the difference y a -y e is calculated. This value 
gives an indication of the deviation of the actually ap- 
plied radiation dose relative to the radiation dose that 
was intended to be applied. 

This value y a -y e is then compared with two thresh- 
old values and in accordance with the result of this 
thresholding warning signals for the operator were gen- 
erated in case the difference was smaller than some 
threshold t u or when the difference was larger than some 
threshold t Q . 

In either of these cases a visible signal was pro- 
duced on the display part of the user interface of the 
read out apparatus. 

Reference is again made to figure 3 for illustration 
of the description of the further sequence of the data 
flow. 

Independently of the procedure for controlling the 
actual radiation dose, the digital data in the selected win- 
dow were converted into grey values according to an 
appropriate sensitometric mapping curve that was de- 
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termined as described in our European application EP- 
A-0 549 009. 

In accordance with the method described in this ap- 
plication a gradation curve was created by the steps of 

defining a canonical monotonical non-constant 
function Y(x) in an orthogonal coordinate system (x, 
y) between arbitrary values x 0 and x-, and y mjn and 

Ymax' 

determining minimum and maximum density values 

D smin and D smax> 

determining minimum and maximum signal values 
S mjn and S max constituting a range wherein the gra- 
dation is defined by the canonical form and outside 
of which signal values are mapped onto D smin or D s _ 



defining the gradation curve as 



D(s) = D s 



(Y(x(s))-y .).(D ! 



smax " ^smtn 



)>(y„ 



^min) 



wherein D(s) is the density in the reproduction asafunc- 
tion of the signal value s, 

x(s)=x 0 if s is smaller than or equal to S mjn , 
x(s)=x 0 +(s-S min ). (x r x 0 )/(S max -S min ) if s is com- 
prised between Smin and S max , and 
x(s)=x-| if s is larger than or equal to S max . 



In this embodiment S max was equal to S mjn +L 
wherein L is a constant latitude value envisioned in a 
reproduction of said image and S mjn is determined by 
aligning a signal value at a predetermined relative posi- 
tion between S mjn and S max with a signal value at the 
same predetermined relative position between y 0 -dy 0 
and y-|+dy-| wherein y-, -y 0 is the diagnostically relevant 
signal range and wherein dy 0 and dy-, are offset values 
comprised in the range confined by -L/2 and L/2. 

Alternatives are described in the above identified 
application. 

Next, the data were transferred to an output record- 
er to be printed on film. It was also possible to display 
the image on a display unit. 

One example of a suitable recorder is a multi-format 
laser recorder but other types of recorder units such as 
thermal printers are also suitable output devices. 

The layout of the hard copy can be varied according 
to the specific requirements of the radiologist. 

It is common practice to provide on one hard copy 
a juxtaposition of at least two images originating from 
the same original image, e.g. a first reproduction of the 
unprocessed image and a second reproduction corre- 
sponding with data that have been subjected to an im- 
age enhancement algorithm. 

It is further possible to produce automatically for 
each image that is applied to the recorder a minified re- 



production in addition to the normal size reproduction. 
An easy minification is for example by a factor of two 
such that every common 14" x 17" original size image 
will be reproduced in a 1 7.5x21 .5 size on a standard size 

5 film format (e.g. of 18x24 cm or 8 M x10"). 

This minified reproduction can serve various pur- 
poses. One of the most important being the improve- 
ment of the radiologist's performance when examining 
a radiograph by providing a similar effect as the effect 

10 obtained when examining a radiograph or part thereof 
through a diminishing lens, a procedure which is some- 
times performed by the radiologist for the purpose of in- 
creasing the probability of perceiving an unsharp, low 
contrast shadow part. 

15 Eventually the reduced size reproduction can be 
produced on a "reporting" film with somewhat limited 
quality f.i. a reduced D max which could save some of the 
cost. 

Additionally the reduced image can serve other pur- 

20 poses, which might increase the overall quality and/or 
productivity of the radiology department. 

For instance, it can be used for archiving purposes 
to improve the communication with the referring physi- 
cian. The unused film area can then be used as a text 

25 field adapted to each kind of examination which allows 
the radiologist to generate rapidly a high quality report 
by filling out some fields or by marking some preprinted 
items. Drawings to clarify the radiologist's statements 
are no longer required because the film can directly be 

30 annotated. The reporting option can run automatically 
or it can be coupled to the menu's selected in the iden- 
tification station. The text field can be adapted to the 
examination and/or to the hospital or radiologist. 

In accordance with the present invention a display 

35 of the image histogram (log E values versus number of 
pixels) was added to the text field of a full size format 
reproduction of the image. 

An example of a graphical representation of an im- 
age histogram is shown in figure 4. On this graphical 

40 representation of the image histogram the position of the 
value y a as well as the position of the value y e was in- 
dicated. 

Additionally markers were added for indicating the mar- 
gins of the data range [y 0 ,y-,] selected as relevant signal 
45 range for diagnosis. It was also possible to add to this 
reproduction the sensitometric mapping curve repre- 
senting the conversion of read-out signal values to den- 
sity values. 

This display of the histogram and accompanying 
50 features is a convenient tool for the radiologist to get a 
first impression of the position of the histogram on the 
log E axis and to make a first conclusion as to whether 
the actual exposure dose is drifting or misadjusted by 
evaluating the relative position of y a and y e . 
55 |f necessary this evaluation is to be followed by an ap- 
propriate adjustment of the setting of the irradiation 
source. 

The above description does not describe any par- 
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ticular image processing other than the processing for 
determining the diagnostically relevant signal range and 
the signal-to-density mapping that is performed on the 
image. 

It will be clear to the man skilled in the art that the 
image can be subjected to a wide variety of image 
processing algorithms for contrast enhancement, noise 
reduction and several other purposes before being ap- 
plied to the recorder or to the display device for repro- 
duction or display. 

The type of image processing as well as the param- 
eters to be used when processing the image can be de- 
fined by means of information that was written into the 
EEPROM provided on the screen conveying cassette. 

Processing parameters can for example be re- 
trieved from a prestored look up table in correspond- 
ence with a specific type of examination that has been 
entered into the EEPROM during identification. 

Alternatively the type of processing as well as the 
parameters to be used can be selected (and for example 
retrieved from a look up table) in dependence on the 
expected diagnosis. 

Still other alternatives may be envisioned. 

Examples of image processing methods can be 
found for example in EP-A-0 527 525 ; in the patent fam- 
ily deriving from 91 201 802.3 filed June 1 9, 1 992, nota- 
bly EP-A-0 246 081, EP-A-0 420 297 to 299, EP-A-0 
459 594 and 595 ; and EP-A-0 61 0 604. 



Claims 

1 . A method of controlling the amount of irradiation ef- 
fectively emitted by a source of penetrating radia- 
tion in a system wherein radiation emitted by said 
source and attenuated by an object is stored in a 
photostimulable phosphor screen, and wherein 
said screen is scanned by stimulating rays, the light 
emitted upon stimulation is detected and converted 
into an electric representation by a read out means, 
characterized by the steps of : 

determining, for a set irradiation amount, a cor- 
responding adjustment value for-said read out 
means, from a table which comprises for a 
number of predefined amounts of irradiation a 
corresponding adjustment value for said read 
out means, the adjustment values being such 
that the mean signal value, read out of a screen 
that has been exposed to said amount of irra- 
diation, by means of the read out means being 
adjusted by the corresponding value, is equal 
to an expected value y e , 
adjusting said read out means with said deter- 
mined adjustment value, 
reading an image from said screen, 
determining a signal value y a which is repre- 
sentative of a diagnostically relevant part of 



said image, 

determining the difference y a -y e representing 
the deviation of the effective irradiation dose 
from an expected irradiation dose, 
5 - outputting at least said difference, y a -y e or the 

value y a on the value y e . 

2. A method according to claim 1 wherein said detect- 
ing means is a photomultiplier and said table com- 

10 prises photomultiplier voltages corresponding with 
a set of irradiation amounts. 

3. A method according to claim 1 wherein y e is such 
that, if a correct dose- is applied which implies that 

15 y a =y e ' then the difference y max -yi is equal to the dif- 
ference y 0 -y min , where y mjn and y max are the mini- 
mum and maximum values that can be read out and 
y 0 and y-| are the extreme values of a signal range 
relevant for diagnosis. 

20 

4. A method according to claim 3 wherein said values 
y 0 and y-| are determined by the steps of 

calculating an histogram of said image, 
25 . determining maximum value of histogram fre- 
quencies, 

selecting a value t smaller than the maximum 
histogram frequency, 

determining (a) histogram peak(s) as a range 
30 of successive signal values having a corre- 

sponding histogram frequency that is larger 
than t, 

determining the most relevant histogram peak 
as the histogram peak for which the summation 
35 of all histogram frequencies corresponding with 

signal values within said peak is maximum, 
determining minimum and maximum signal val- 
ues within said most relevant histogram peak, 
determining extreme values of the signal range 
40 to be extracted as said minimum value de- 

creased with a small offset d 0 and said maxi- 
mum value increased by a small offset value d-, . 

5. A method according to claim 1 wherein y a is deter- 
45 mined as the mean value of signal values within the 

signal range inbetween y 0 and y-,. 

6. A method according to claim 1 wherein y a is deter- 
mined as the median value of signal values within 

50 the signal range inbetween y 0 and y-,. 

7. A method according to claim 1 wherein y a is deter- 
mined as the value with the highest histogram fre- 
quency in the signal range inbetween y 0 and y-,. 



55 

8. A method according to claim 1 wherein said differ- 
ence y a -y e is subjected to at least one thresholding 
operation and wherein at least one warning signal 
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is generated in dependence on the result of said 
thresholding operation(s). 

9. An apparatus for reading a radiation image that has 
been stored in a photostimulable phosphor screen, s 
comprising : 

means for scanning said screen with stimulat- 
ing irradiation, 

a detector for detecting light emitted upon stim- to 
ulation and for converting said light into an elec- 
tric signal representation, 
means for storing a table which comprises for 
a number of irradiation amounts a correspond- 
ing adjustment value for said detector, said ad- is 
justment value being such that the mean signal 
value, read out with a detector adjusted to the 
stored value from a screen that has been ex- 
posed to a corresponding amount of irradiation, 
is equal to a predetermined value y e , 20 
means for retrieving from said table for a given 
irradiation amount the corresponding adjust- 
ment value, 

means for adjusting the sensitivity of said de- 
tector by means of the retrieved adjustment val- 25 

ue, 

means for determining a signal value y a which 
is representative of signal values within a diag- 
nostically relevant region of said image, 
means for calculating a difference y a -y e , 30 
means for outputting at least one of said differ- 
ence y a -y e or the value y a or the value y e . 

10. An apparatus according to claim 9 wherein said de- 
tector is a photomultiplier and wherein said means 35 
for adjusting the sensitivity of said detector com- 
prise means for adjusting the cathode voltage of 
said photomultiplier. 

11. An apparatus according to claim 9 wherein said 40 
means for determining the value y a comprise 
means for calculating the mean value of signal val- 
ue within a signal range relevant for diagnosis. 

12. An apparatus according to claim 9 wherein said 45 
means for determining the value y a comprise 
means for calculating the median value of signal 
value within a signal range relevant for diagnosis. 

13. An apparatus according to claim 9 wherein said so 
means for determining the value y a comprise 
means for calculating the histogram of read out sig- 
nal values and for determining the maximum of the 
histogram values. 

55 

14. An apparatus according to claim 9 wherein said 
means for outputting said difference comprise 
means for recording a histogram of a read out im- 



age signal on a recording material and for providing 
the image of said histogram with an indication of the 
position of at least one of said values y e or y a . 

15. An apparatus according to claim 9 wherein said 
means for outputting either one of said difference, 
y a or y e comprise means for writing at least one of 
said values in an electronic file. 

16. An apparatus according to claim 9 wherein said 
screen is conveyed in a cassette provided with iden- 
tification means storing at least an indication of an 
amount of irradiation. 

17. An apparatus according to claim 16 wherein said 
identification means is an electrically erasable pro- 
grammable read only memory device (EEPROM). 

18. An apparatus according to claim 9 wherein means 
are provided for thresholding said difference and for 
generating a warning signal in dependence on the 
result of said thresholding. 



Patentanspruche 

1. Verfahren zur Uberwachung der von einer Quelle 
durchdringender Strahlung in einem System effek- 
tiv emittierten Strahlungsmenge, wobei die von der 
Quelle emittierte und von einem Objekt geschwach- 
te Strahlung in einem photostimulierbaren Leucht- 
stoffschirm gespeichert wird, und wobei der Schirm 
mit stimulierenden Strahlen abgetastet wird, das 
nach der Stimulierung emittierte Licht von einem 
Auslesemittel erfaGt und in eine elektrische Form 
umgewandelt wird, gekennzeichnet durch die fol- 
genden Schritte: 

Ermitteln eines Einstellwertes fur das Auslese- 
mittel fur eine eingestellte Strahlungsmenge 
aus einer Tabelle, die fur eine Anzahl vorbe- 
stimmter Strahlungsmengen einen entspre- 
chenden Einstellwert fur das Auslesemittel auf- 
weist, wobei die Einstellwerte derart sind, daR 
der Signalmittelwert, der mittels des auf den 
entsprechenden Wert eingestellten Auslese- 
mittels aus einem mit dieser Strahlungsmenge 
belichteten Schirm ausgelesen wurde, gleich 
einem erwarteten Wert y e ist, 
Einstellen des Auslesemittels mit dem ermittel- 
ten Einstellwert, 

Auslesen eines Bildes aus dem Schirm, 
Bestimmen eines Signalwertes y a , der fur einen 
diagnostisch relevanten Teil des Bildes repra- 
sentativ ist, 

Bestimmen der Differenz y a -y e , die eine Abwei- 
chungderwirklichen Strahlungsdosis von einer 
erwarteten Strahlungsdosis darstellt, 
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Ausgeben wenigstens der Differenz y a -y e Oder 
des Wertes y a oder des Wertes y e . 

2. Verfahren nach Anspruch 1 , wobei das Erfassungs- 
mittel ein Photomultiplier ist und die Tabelle Pho- 
tomuxtiplierspannungen aufweist, die einem Satz 
von Strahlungsmengen entsprechen. 

3. Verfahren nach Anspruch 1, wobei y e derart ist, 
daB, falls eine korrekte Dosis aufgebracht wird, die 
impliziert, daG y a = y e , die Differenz y max - y-| dann 
gleich der Differenz y 0 - y min ist, wobei y min und y max 
minimale und maximale Werte sind, die ausgelesen 
werden konnen, und y 0 und y 1 Extremwerte eines 
fur die Diagnose relevanten Signalbereichs sind. 

4. Verfahren nach Anspruch 3, wobei die Werte y 0 und 
y-i durch die folgenden Schritte bestimmt werden: 

Berechnen eines Histogramms des Bildes, 
Bestimmen des Maximal wertes der Histo- 
grammhaufigkeiten, 

Auswahlen eines Wertes t, der kleiner istalsdie 
maximale Histogrammhaufigkeit, 
Bestimmen (einer) der Histogrammspitze(n) 
als Bereich aufeinanderfolgender Signalwerte 
mit einer zugehorigen Histogrammhaufigkeit, 
die groGer ist als t, 

Bestimmen der relevantesten Histogrammspit- 
ze als diejenige Histogrammspitze, fur welche 
die Summe aller Histogrammhaufigkeiten, die 
zu Signalwerten innerhalb der Spitze gehoren, 
maximal ist, 

Bestimmen minimaler und maximaler Signal- 
werte innerhalb der relevantesten Histogramm- 
spitze, 

Bestimmen von Extremwerten des zu extrahie- 
renden Signalbereichs als den um einen klei- 
nen Offset d 0 verminderten Minimalwert und 
den um einen kleinen Offset d-| erhohten Maxi- 
ma I we rt. 

5. Verfahren nach Anspruch 1 , wobei y a als der Mittel- 
wert der Signalwerte innerhalb des Signalbereichs 
zwischen y 0 und y-| bestimmt wird. 

6. Verfahren nach Anspruch 1 , wobei y a als der Medi- 
anwert der Signalwerte innerhalb des Signalbe- 
reichs zwischen y 0 und y-| bestimmt wird. 

7. Verfahren nach Anspruch 1 , wobei y a als der Wert 
mit der hochsten Histogrammhaufgkeit der Signal- 
werte innerhalb des Signalbereichs zwischen y 0 
und y-, bestimmt wird. 

8. Verfahren nach Anspruch 1 , wobei die Differenz y a - 
y e wenigstens einer Grenzwertuberprufung unter- 
zogen wird und wobei wenigstens ein Warnsignal 



in Abhangigkeit von dem Ergebnis der Grenzwert- 
uberprufung(en) erzeugt wird. 

9. Vorrichtung zum Auslesen eines Strahlungsbildes, 
5 das in einem photostimulierbaren Leuchtstoff- 

schirm gespeichert war, die folgendes aufweist: 

Mittel zum Abtasten des Schirms mit stimulie- 
render Strahlung, 

10 - einen Detektor zum Erfassen des nach der Sti- 
mulierung emittierten Lichts und zum Umwan- 
deln des Lichts in eine elektrische Signalform, 
Mittel zum Speichern einer Tabelle, die fur eine 
Anzahl von Strahlungsmengen einen entspre- 

15 chenden Einstellwertfurden Detektor aufweist, 

wobei der Einstellwert derart ist, dafB der Si- 
gnalmittelwert, der mit einem Detektor, welcher 
auf den gespeicherten Wert eingestellt ist, aus 
einem Schirm ausgelesen wird, der mit einer 

20 entsprechenden Strahlungsmenge belichtet 

wurde, gleich einem vorbestimmten Wert y e ist, 
Mittel, um fur eine gegebene Strahlungsmenge 
aus der Tabelle den entsprechenden Einstell- 
wert zu entnehmen, 

25 . Mittel zum Einstellen der Empfindlichkeit des 
Detektors mittels des entnommenen Einstell- 
wertes, 

Mittel zum Bestimmen eines Signalwertes y a , 
der fur Signalwerte innerhalb eines diagno- 
se* stisch relevanten Bereichs des Bildes repra- 
sentativ ist, 

Mittel zum Berechnen einer Differenz y a -y e> 
Mittel zum Ausgeben der Differenz y a -y e und/ 
oder des Wertes y a und/oder des Wertes y e . 

35 

10. Vorrichtung nach Anspruch 9, wobei der Detektor 
ein Photomultiplier ist und wobei Mittel zum Einstel- 
len der Empfindlichkeit des Detektors Mittel zum 
Einstellen der Kathodenspannung des Photomulti- 

40 pliers aufweisen. 

11. Vorrichtung nach Anspruch 9, wobei die Mittel zum 
Bestimmen des Wertes y a Mittel zum Berechnen 
des Mittelwertes des Signalwertes innerhalb eines 

45 fur die Diagnose relevanten Signalbereichs aufwei- 
sen. 

12. Vorrichtung nach Anspruch 9, wobei die Mittel zum 
Bestimmen des Wertes y a Mittel zum Berechnen 

50 des Medianwertes des Signalwertes innerhalb ei- 
nes fur die Diagnose relevanten Signalbereichs 
aufweisen. 

13. Vorrichtung nach Anspruch 9, wobei die Mittel zum 
55 Bestimmen des Wertes y a Mittel zum Berechnen 

des Histogramms der ausgelesenen Signalwerte 
und zum Bestimmen des Maximums der Histo- 
g ram m werte aufweisen. 
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14. Vorrichtung nach Anspruch 9, wobei die Mittel zum 
Ausgeben der Differenz Mittel zum Aufzeichnen ei- 
nes Histogramms eines ausgelesenen Bildsignals 
auf einem Aufzeichnungsmaterial sowie zum Be- 
reitstellen des Bildes des Histogramms mit einer 
Anzeige der Position wenigstens eines der Werte 
y e oder y a aufweisen. 

15. Vorrichtung nach Anspruch 9, wobei die Mittel zum 
Ausgeben der Differenz, von y a oder von y e Mittel 
zum Schreiben wenigstens eines der Werte in eine 
elektronische Datei aufweisen. 

16. Vorrichtung nach Anspruch 9, wobei der Schirm in 
einer Kassette transportiert wird, die mit Identifizie- 
rungsmitteln versehen ist, die wenigstens eine An- 
gabe einer Strahlungsmenge speichern. 

17. Vorrichtung nach Anspruch 16, wobei das Identifi- 
zierungsmittel ein elektrisch loschbarer, program- 
mierbarer Nur-Lese-Speicher (EEPROM) ist. 

18. Vorrichtung nach Anspruch 9, wobei Mittel zur 
Grenzwertuberprufung der Differenz und zum Er- 
zeugen eines Warnsignals in Abhangigkeit vom Er- 
gebnis der Grenzwertuberprufung vorgesehen 
sind. 



Revendications 

1. Methode pour controler la quantite d'irradiation ef- 
fectivement emise par une source de rayonnement 
penetrant dans un systeme dans laquelle le rayon- 
nement emis par ladite source et attenue par un ob- 
jet est stocke dans un ecran au phosphore photo- 
sensible, et dans laquelle ledit ecran est balaye par 
des rayons stimulants, la lumiere emise par stimu- 
lation est detectee puis convertie en une represen- 
tation electrique par un moyen de lecture, caracte- 
risee par les etapes de : 

determination, pour une quantite d'irradiation 
donnee, d'une valeur de reglage correspon- 
dante pour ledit moyen de lecture, a partir d'un 
tableau qui comprend, pour plusieurs quantites 
d'irradiation predetermines, une valeur de re- 
glage correspondante pour ledit moyen de lec- 
ture, les valeurs de reglage etant telles que la 
valeur moyenne du signal, lu sur un ecran qui 
a ete expose a ladite quantite d'irradiation, au 
moyen du moyen de lecture regie sur la valeur 
correspondante, est egale a une valeur atten- 
due y e , 

reglage dudit moyen de lecture avec ladite va- 
leur de reglage determinee, 
lecture d'une image a partir dudit ecran, 
determination d'une valeur y a du signal qui est 



representative d'une partie utile au diagnostic 
de ladite image, 

determination de la difference y a -y e represen- 
tant la deviation de la dose d'irradiation effecti- 
5 ve par rapport a une dose d'irradiation atten- 

due, 

edition d'au moins ladite difference y a -y e ou de 
la valeur y a ou de la valeur y e . 

10 2. Methode selon la revendication 1 dans laquelle ledit 
moyen de detection est un photomultiplicateur et le- 
dit tableau contient des tensions de photomultipli- 
cateur correspondant a un jeu de quantites d'irra- 
diation. 

15 

3. Methode selon la revendication 1 dans laquelle y e 
est telle que si une dose correcte est appliquee, ce 
qui implique que y a = y e , la difference y max -y-| est 
alors egale a la difference y 0 -y min , ou y min et y max 

20 sont les valeurs minimale et maximale qui peuvent 
etre lues et y 0 et y-| sont les valeurs extremes d'une 
plage du signal utile au diagnostic. 

4. Methode selon la revendication 3 dans laquelle les- 
25 dites valeurs y 0 et y-, sont determinees par les eta- 
pes de 

calcul d'un histogramme de ladite image, 
determination de la valeur maximale des fre- 
30 quences de I'histogramme, 

selection d'une valeur t inferieure a la frequen- 
ce maximale de I'histogramme, 
determination de la (des) crete(s) de I'histo- 
gramme comme etant une plage de valeurs 
55 successives du signal dont la frequence d'his- 

togramme correspondante est superieure a t, 
determination de la crete la plus significative de 
I'histogramme comme etant la crete de I'histo- 
gramme pour laquelle la somme de toutes les 
40 frequences de I'histogramme qui correspon- 

dent aux valeurs du signal au sein de ladite Cre- 
te est maximale, 

determination des valeurs minimale et maxima- 
le du signal au sein de ladite crete la plus signi- 
45 ficative de I'histogramme, 

determination des valeurs extremes de la plage 
du signal devant etre extraite comme etant la 
valeur minimale reduite d'une faible deviation 
d 0 et ladite valeur maximale augmentee d'une 
so faible valeur de deviation de d-, . 

5. Methode selon la revendication 1 dans laquelle y a 
est determinee comme etant la valeur moyenne des 
valeurs du signal au sein de la plage du signal entre 

55 y Q e\y v 

6. Methode selon la revendication 1 dans laquelle y a 
est determinee comme etant la valeur mediane des 
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valeurs du signal au sein de la plage du signal entre 
y 0 et y-, . 

7. Methode selon la revendication 1 dans laquelle y a 
est determinee comme etant la valeur ayant la fre- 
quence la plus elevee de rhistogramme dans la pla- 
ge du signal entre y 0 et y-, . 

8. Methode selon la revendication 1 dans laquelle la- 
dite difference y a -y e est soumise a au moins une 
operation de detection de seuil et dans laquelle au 
moins un signal d'avertissement est genere en 
fonction du resultat de ladite (desdites) operation(s) 
de detection de seuil. 

9. Appareil pour lire une image de rayonnement qui a 
ete stockee dans un ecran au phosphore photosen- 
sible, comprenant: 

un moyen pour balayer ledit ecran avec une ir- 
radiation stimulante, 

un detecteur pour detecter la lumiere emise par 
stimulation et pour convertir ladite lumiere en 
une representation par signal electrique, 
un moyen pour stocker un tableau qui compor- 
te, pour plusieurs quantites d'irradiation, une 
valeur de reglage correspondante pour ledit de- 
tecteur, ladite valeur de reglage etant telle que 
la valeur moyenne du signal, lu avec un detec- 
teur regie sur la valeur stockee a partir d'un 
ecran qui a ete expose a une quantite d'irradia- 
tion correspondante, est egale a une valeur y e 
predeterminee, 

un moyen pour recuperer la valeur de reglage 
correspondante dans ledit tableau pour une 
quantite d'irradiation donnee, 
un moyen pour regler la sensibilite dudit detec- 
teur au moyen de la valeur de reglage recupe- 
ree, 

un moyen pour determiner une valeur y a du si- 
gnal qui est representative des valeurs du si- 
gnal au sein d'une region utile au diagnostic de 
ladite image, 

un moyen pour calculer une difference y a -y e , 
un moyen pour editer au moins une de ladite 
difference y a -y e ou la valeur y a ou la valeur y e . 

10. Appareil selon la revendication 9 dans lequel ledit 
detecteur est un photomultiplicateur et dans lequel 
ledit moyen de reglage de la sensibilite dudit detec- 
teur comprend un moyen pour regler la tension de 
la cathode dudit photomultiplicateur. 

11. Appareil selon la revendication 9 dans lequel ledit 
moyen de determination de la valeur y a comprend 
un moyen pour calculer la valeur moyenne de la va- 
leur du signal au sein d'une plage du signal utile au 
diagnostic. 



12. Appareil selon la revendication 9 dans lequel ledit 
moyen de determination de la valeur y a comprend 
un moyen pour calculer la valeur mediane de la va- 
leur du signal au sein d'une plage du signal utile au 

5 diagnostic. 

13. Appareil selon la revendication 9 dans lequel ledit 
moyen de determination de la valeur y a comprend 
un moyen pour calculer I'histogramme des valeurs 

10 du signal lu et pour determiner le maximum des va- 
leurs de I'histogramme. 

14. Appareil selon la revendication 9 dans lequel ledit 
moyen d'edition de ladite difference comprend un 

15 moyen pour enregistrer un histogramme d'un signal 
d'image lue sur un materiau d'enregistrement et 
pour fournir I'image dudit histogramme avec une in- 
dication de la position d'au moins I'une desdites va- 
leurs y a ou y e . 

20 

15. Appareil selon la revendication 9 dans lequel ledit 
moyen d'edition d'au moins une de ladite difference, 
y a ou y e comprend un moyen pour ecrire au moins 
I'une desdites valeurs dans un fichier electron ique. 

25 

16. Appareil selon la revendication 9 dans lequel ledit 
ecran est transports dans une cassette munie d'un 
moyen d'identification stockant au moins une indi- 
cation de la quantite d'irradiation. 

30 

17. Appareil selon la revendication 16 dans lequel ledit 
moyen d'identification est une memoire a lecture 
seule programmable et effacable electriquement 
(EEPROM). 

35 

18. Appareil selon la revendication 9 dans lequel il exis- 
te des moyens pour detecter le seuil de ladite diffe- 
rence et pour generer un signal d'avertissement en 
fonction du resultat de ladite detection de seuil. 
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